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Abstract 
This paper deduced the strain distribution of the slope by using the finite deformation theory based on the regulation of slope 
displace and deformation, and it is found that the strain field obtained from the Cauchy strain hypothesis is obviously inaccurate 
by comparing with that from the finite deformation theory. Results show that the displacement and deformation of slope are large 
deformation cases, the distribution of strain of slope can be gotten exactly by using the finite deformation theory. Meanwhile, the 
"virtual strain" is introduced and higher order deformation ignored for the Cauchy strain hypothesis, thus it is often misleading in 
the works execution and slope engineering evaluation. 
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1. Introduction 
The Stability of the slope is the key safety problem for both exploitation and constructions which abut the slope 
[1], so people should be acquainted with and understand the displacement and deformation of slope. This problem 
has been studied for more than 100 years, and numerous methods about slope deformation analysis during 
exploitation are formed because many new productions of mathematics, mechanics, and computer science were 
introduced to this problem continually in recent decades. J. Kodama [2] et al. used a 3-D numerical model to 
evaluate the cause of continuous deformation of a rock slope by rock parameters back analysis and the calculation 
results revealed that the rock slope continued to deform for more than 7 years after excavation. Wei W B [3] et al. 
made a 3-D slope failure analysis by the strength reduction and limit equilibrium methods, the comparison of these 
two methods indicated that a trial and error analysis may be required for both the SRM and LEM, as the actual 
failure mode and the solution domain are unknown in advance. A. J. Li [4] et al. applied the finite element upper and 
lower bound techniques with the aim of providing seismic stability charts for rock slopes, compared the stability 
numbers obtained by bounding methods and the limit equilibrium methods, pointed out that the stability numbers 
may increase depending on the material parameters in the Hoek–Brown model. B. S. Jiang [5] et al. derived an 
analytical formula for the safety factor in the simplified Bishop’s method by substituting a definite integral for the 
                                                          
* Corresponding author. Tel.: +86-13775972665; fax: +86-516-83591591. 
E-mail address: gaoyanan_23@126.com. 
Procedia Earth and Planetary Science 1 (2009) 460–464
187 -     © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proeps.2009.09.073
8 5220
Procedia Earth 
and Planetary 
Science 
Open access under CC BY-NC-ND license.
sum of finite slices. However, for the wide range, people still used the geometric relation of Cauchy strain 
hypothesis to analyze and calculate the large deformation of slope, considerable errors is inevitable. This paper used 
the finite deformation theory to investigate and analyze the deformation of slope, compared the results derived from 
finite deformation theory and Cauchy strain hypothesis, showed the error of Cauchy strain hypothesis.  
2. Basic theory of finite deformation  
Finite deformation is a theory that decomposes movement to deformation part, rotation one, and S-R 
decomposition. S-R decomposition was confirmed to be impersonal and unique [6-7]. Moreover, the Cauchy strain 
hypothesis does not consider the separation of deformation and rotation, so the strain tensors may contain the effect 
of rotation, i.e., the virtual stain caused by rotation. 
There are two coordinate systems in the process of S-R decomposition:  
Fixed co-ordinate system 1 2 3( , , )X X X and co-moving coordinate system 1 2 3( , , )x x x , embedded in the object or 
moving with it. 
For a displacement tensor U , it can be written as: i ii iu g u g= =U  , where ig and ig are the covariant and the 
contravariant base vector respectively. The covariant derivative of U with respect to ix  can be defined as:  
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3. Analysis of slope displacement and deformation 
3.1. Finite deformation analysis of slope 
According to probability-integral method [1], the vertical and horizontal displacement formulas can be written as:  
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where 0η is the depth of exploitation, α is the slope angle, iη  is the depth, bi is the displacement factor, and they 
can be obtained by the way indicated in Ref.[1]. If y=0, U, W represent the horizontal and vertical displacement of 
surface respectively, and the calculation parameters are: 39α = ° , 0 110η = m, 36 38iβ ′= ° , bi=0.214, n=0.998, 
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U(x,y)=u1, W(x,y)=u2, horizontal strain component 11S , vertical strain component
2
2S and shear strain 
component 12S can be derived by Eq.(3)-Eq.(8). As the redundancy of strain tensors expression, here we will not 
write them out. 
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Fig. 1. Sketch map of slope 
 
Fig. 2. Surface mean rotation angle deformation 
3.2. Deformation field based on the finite deformation  
The distribution of strain field of slope can be calculated according to 3.1. Fig.3.-Fig.5. describe every strain 
component on surface. 
It can be seen from Fig.3.-Fig.5. that as far from the slope face the strain components on surface decrease and 
they become little at the place 150m from the slope surface. 
       
Fig. 3. Horizontal strain component on surface; Fig. 4. Vertical strain component on surface 
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 Fig. 5. Shear strain component on surface 
3.3. Results comparison of Cauchy strain hypothesis and finite deformation theory 
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Fig. 6. Horizontal strain component comparison of finite deformation theory and Cauchy strain hypothesis on surface 
 
Fig. 7. Vertical strain component comparison of finite deformation theory and Cauchy strain hypothesis on surface 
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 Fig.8. Shear strain component comparison of finite deformation theory and Cauchy strain hypothesis on surface 
The comparison of calculation results derived from finite deformation theory and Cauchy strain hypothesis shows 
a considerable disparity, and the inconsistency is more obvious with the increase of the distance from the slope face, 
especially the horizontal and shear strain component, the differences are up to 40%, and the former is the key factor 
of slope stability. 
4. Conclusions 
This paper calculated a 2-D slope model and compared the results with the counterpart derived by Cauchy strain 
hypothesis by useing finite deformation theory. The comparison shows that the error produced by Cauchy strain 
hypothesis may be as high as 40%. The reason of the error is that the Cauchy strain may produce the “virtual stain” 
and ignore the deformation of higher order. Therefore, the finite deformation theory should be used to study 
engineering with large deformation such as slope stability problem. 
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